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(54) SEMICONDUCTOR DEVICE AND ELECTRONIC EQUIPMENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To enable the connection using 
a temperature hierarchy with lead-free solder which has a 
high reliability, in particular, lead-free solders of Sn-Ag, Sn- 
Ag-Cu, Sn-Cu, Sn-Zn, and those added with Bi or In. 
SOLUTION: A semiconductor chip is connected using Zn- 
Al-In lead-free material that consists of ^20 mass%, Al, <30 
mass% In, and the remainder Zn, and the electrode which 
the semiconductor chip has and a lead to be a junction 
portion with an external are electrically connected by wire 
bonding. 
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(54) mmo>^»] ^m^mw^^rsm^ms 

(57) [^*<J] 

Sn-Ag^. Sn-Ag-Cu^, Sn-Cu^, Sn-Zn^, RX/ZtllzR 
^ti|sf- yr*«20mass%JSlTcOAU 30iiiass%OTcOIn, m*) 

izmm^titii,ff)Tf>i>> 
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imSmi ] #«f!|s^ yT*<20iiiassmTC0AK 30mass% 

s. 

- -y r t L < {i^^f*c^S*^20mass%iaT<7)Al , 30m 
r t U < t f fl^RK § iXT^cieJS S- ^ t 

Clf^JS7] 20mass%JaTc7)AK 30niass%OTi7)In. ^0 

[|««3S8 3 20massmT<OAU 30iiiass%J.:JlT«OIn, ^0 

*<Znl,Zj:'Omi&$tlt Zn-Al-InJ^Olfi^y-W^tC, C 
u t ^ttiNi t JttiAgCOV -^-ttL*^ 1 aJiLhSrlOmassIUiiT^. 

mLti:i b irwssib-tihmy 

[ff^IHl 0 ] 20massmTiOAU ^i^A^'ZiitZj: ^JltBii 
?ixSZn-Aim^^, m^^iiZtLlZ, Cutfzimtfclih 

1 3 20iiiass%JaTcOAK 30inass%iaTOIn. S 
OT&^ZnJci Ofij^SirSZrt-Al-In^cO^^, *V^{±iil 

, Cu ^ ;^c{±N i t /S«AgCO (, ^-ttif)^ 1 SJ-XhSr 10mass% 
JilTmjDL?t-^:^<5:)^ffi{C. AuS/^{iAgjgSr)SiL-7tfS7 

[IS^fll 2 3 mrfS^^*::, Ge, Mg, GacT) 3 *> 1 atXh 
S-SmassXmTasJa L:^>:i b i:mmb-thm^ 1 0 S 3t 
(±1 lfBMc7)«S7U-«i|S}. 

umm 1 3 3 7 - 1 2 {c^n uzi^y V -ttm^ 

S", Sn^, Sn-Ag^, Sn-Ag-Cu^, Sn-Cu^. Sn-Zn^, S 
n-Zn-Bi^^, Sn-Ag-Bi^^, Sn-Sb^, Au-Sn^iS 7 U -(J 

/ufzx'mLmmmi^Lfzz b ^mmbi-^m^f-m^. 



[000 13 

i/fi^i^^-fu, m^m^^j:b'^mm-hfzib<^mmi^y 
u--tiA.tzizxi,mms.mzm . mzi§^^mi:m\'^ 
xs&y 'J-^4^/^m■?-&a^*rt=K•^--5 . 

[00023 

^a^. ^ •/ r Sr 7 y y y rgj^-r s ^ ^ ra^m 

W-^W.. mU^-BGA (Ball Grid Array) , CSP(Ch 
ip Scale Package) ^t'tCfc I ^Tti, ^C0Sf^S:{i:^/i 

^wmm.^^^mm'.zw^'th\iA,tz (bga^ 

J: 3 ^j:mA^mith Z b i: ^ I. . 

[00033 fi!5l«osm/i««?<cfc^tss^a^«^Jt' 

ss%Pb-5iiiass%Sn (HuS : 310~314°C) (WT. Pb-5Sni7) 

^^cr)^j:^^7i.mim'^t'rh) . Pb-iosn (11^:275-30 
2"c) mi)^fm$tix\>^fz, ztie^ii330'c^^m<owLmx' 
iiA,fzmft/^mx'h*) , ^<r)n^<r>msJk^i^t^x'^>h 
sn-37Pbi^a (Hi^: 183X;) ^.^AsmmmmiMm 

[oooAittz. ^:^o^iSli^7t'(i, -^fcedfr* 

fnX'SI-^llSrto. zcr>tz»y. m%^Wx. 
^(cif t m*>KX t iz . 

[00053 

-Ag^. Sn-Ag-Cu^, Sn-Cu^. Sn-Zn^. SIX, Ztlt^ 

0 s ^ffillJ|{cfc{t& t4^^t'M^t^aK(±fi:*c^*;235•C~2 
50'C-CS>-&. 

[0006 3 L*>L, ^:^^'^>cO{i:^J^ii:M^^^-^*)^i■Tffi 
Sn-5Sb (iS;iS : 232— 240'C) ti^h^tK 'Jyx:i-^^X' 

<nims±<r)}§mfh'o%mi^^-t^b. zffysn-^uz 
i.^wmi:mt(^^^j:\^x;. m\iA.mzXhwm<m 

mL^nU.-thZb\.±m\^ii^'>fz. m-fi. mSMi/^tz 
b L-CAu-20Sn (it^ : 280*0 tmt>1xX\^^t^^ Z<r> 

si^-/y-<r>mm^, ¥^^i^=^'Jj.-)i-^BGA^blzt5 
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[0007] ^^B^coBmi, mmm^s&y v-^i^tz 

IBiOSn-Ag^, Sn-Ag-Cu^, Sn-Cujg, Sn-Zn^, M/Z 

ixizBi^inimv Ltci^y 'J -^i^t^^:m\^'^tl taenia 

[0008] 

m-hfzib\Z, i|i^«cf--y7'*<20iBass%OT<OAK SOnias 
s%UiTOIn, »'9*«Zn»;:J: '3««$iX.|.Zn-Al-In^<7)S8 

$-ioiiassmTafe!raL)tt«of*«.. ^Jt, HtrieiS7U 

-«fi{2Ge, Mg, Ga^7)^-<^iaj^JLh$:5inass%mTgjJnL 

t . n.^^^ «y 7- 1 L < ti¥^{*^g*«20iiiass%iaT 
<7)A1, 30niass%JitT'7)In, ^0*^Zn{Cj; Olf^^ixSZn- 
Al-In^cOiS^ 'J-««S:fflV^Tgf^$ix;tS:Kt . m 
^^i- -y rt t < li^i^SSEitllgfclS^^JcJK^SilJt 

7 'J -WiR{:Cui; timit.i^iil^<r>\i^-fixi)^ 1 a«±S- 
10massmT-^>iJDL-^ci)i?)TJ>l.. ^/t, mtZ^^y)- 
tti^JCGe, Mg, GaiO^^>lSi'XliS:5mass%J.:JlTm!lPL7"v: 

iS7y-{4^/^^^iK-^2>s. ±fz. zonassztJiTiOAi, 3 

Omass^JilT^Oln, 5gD*^n{c: J: OlfjS^iX'l. t^OT*) 
i>. ^J^C, 20mass%tiTiOAl , 30massmT<55In, ®0*>' 
Znt^J: Offl^Sa* Zn-Al-In3RiOSS7U-W«JC. Cu 
tfctiNi S fc(4Ag(50V«-m*^ 1 SliLhSrlOmassmTSs 
JPLTtt COT'S) $^>(2Ge, Mg, U<no*>im 
J3Lh$-5inass%JJlT^DL3^ctiOTS>S. iiJt, 20iBass% 

iyT<7)Au m*)mnizx^m^^tihin-M^^±. 

v^tiCL^Uc. Cu^;rc{iNii/i{i:Ag<7)V>-rix*»l «Ja±2r 
10iiiass%WT^DL;t-^^<O^®{c> Inm^rMLfzhcT) 
X'S)t. tti, 20mass%tlTOAK 30inass%tiTcOI n . M 
OjWiKCJ: 0^^Sn-&Zn-Al-In^c7)^^. ^V^tiCliX 
(C, Cu^ ;t«Ni t -t«Ag<OV^-ril*-' 1 aiJLhS:10iDass% 

X'hh, tfz. mi-^^iZ. Ge, Mg, GacO^*>iaiaJi 

—/PS:. SniK, Sn-Ag^. Sn-Ag-Cu^. Sn-Cu^, Sn-Zn 
Jk^ Sn-Zn-Bi^, Sn-Ag-Bil^, Sn-Sb^. Au-Sn^lS7 'J 

[00 0 9] C:ZX\ ±iEfflfiS,cOZn-Al-ln^-^^S:fflV> 



fc=SroT<&. i^i«^^t^•yr^oaffiS:{4^^vfgf«^ 
m^x'h 0 . je^)*^+^}-<wig*$ tL^^rtrntf ^ y rco® 

(4, Zn-Al^^-^^tCInS-^jinf Sdfct Lt^vT. HTJiZn- 
Al^-&^{CInSr::li>a^SD Lfz t ^ Com&t:^-ti>K In^ 

Miz^'o. zn-Al^{4^7t-<o^a^&^aMT'#. 

mM*^JlStli:m^-r^±Xt,m^mX'h'0. nxh^OM 

[0010] -It. mmzmtxii. M^iomsswxr 

•Sfc, IntCj:i>150r^]gcOi£affl*<^<t;raiLT. ft 

fs.mzwmm'&mzLx tto tztbTh h . 

[0011] tfz. Cu, Ag, W\^mM-fh<r)mn\zi:h 
±XdjnmSM<^Vl tB hfzlsbXh^tiK 10niass% 

ssmTktfz, tfz. Ge, Mg, Ga$r^Jn-r^cO{4, II 
nm^if&<X'^^i)-i>X'h&ti^. 5inass%iiUi-C'(4ll 

[0012] Ztli^com^(7i^i^fz■^Mi. it**^250 

^m^i^^~;\^^^m.m:t'i. Sn^. Sn-Ag^, S 
n-Ag-Cu^, Sn-Cu^, Sn-Zn^, Sn-Zn-Bi^, Sn-Ag-Bi 
RX/ZtHzlnm^mt^Lfz^iy ';-{4^^tf2:fflV^•C 

COmmi^j:\\ tfz. m^lzX-^XltSn-Sb^. Au-Sn 

[00 13] 

iwacrimmcrmm] :^^m^mm^m^^xtm-rh. 

(.^cmmi )mili. Zn-4Al-3In(;:J:§^4^/il5r 
ffll^T. Sif- yr2i:42 3 S-«i?LitfflJ-C 

Ztm. t.^Zn-AM-3lnC0m^m^L . 42 
3±tclitt-r^. Mt::, Si^yr2SrifS5L». 
Si^-yr2t42 3 S-mSHirS. Zn- 

4Al-3InCO^H^tt{i:. DSC (Differential Scannin 
gCalorimetry) (Cj; ^SJ^tCi 5 t . 280*0 f^HfttOtr 

{4, 330-C~380rHT'jgil-r.l>. tfz. U5'CX'h<R^, 

m<^^^^ T*S. fi!-5-C. aDf!ftaS{4390~400'Cjg 

5 §:tTV i'hSS 'J - H 6 c^J^BKMS: 
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fi=^Ti|^^ttcJIS7S:fPK-r^. ::cOZn-4Al-3Inl Srffl 
V^;tSif--yr2i:42 3MW}&ii. 

[ 0 0 1 4 ] 02 {4. M/Jtz 1 <CZn-4Al-lIn2:fflV%T . 

[0 0 15] ;ixA>(7)[lK 02{C^L7^cfil^<7)it£@ft: 

JfSn-3Ag) , Sn-Ag-CuJ^ (Wi.tfSn-3Ag-0.5Cu) . Sn-C 
u;^ (MxJfSn-O.TCu) , Sn-Zn^ (CT;itfSn-9Zn) , Sn 
-Zn-BiiK (p!ltJfSn-9Zn-3Bi ) , Sn-Ag-Bii^ . 
Sn-3Ag-lBi-0.5Cu) . Sn-Sb^ (OT;tt4Sn-55b) . Au-Sn 

7k (CTltfAu-20Sn) ^fflV'.Tjg8g-r.g.ifc*-'T-&&, 

^l^^*:^•yr2<0SSii:^0^4^!t'«S^a^O^B 

^m<r>mi It, '^mcomi 2*-a>b£«.. mfA<^mmi. 

[00 16] 

[^1 ] 



No. 






A 


Zn-5AI 


In 


B 


Zn-5AI-5A« 


In 


C 


Zn-5AI-5Ni 


In 


D 


Zn-5AI-5Ag-SNi 


In 


E 


Zn-5AI-2In 


A« 


F 


Au 


G 


Zn-5AI-1In-5Cu 


Ajs 


H 


Au 


I 


Zn-5AI-1In-5Aa 


Ag 


J 


Au 


K 


Zn-5AI-1In-5Ni 


Ag 


L 


Au 


M 


Zn-5AI-1In-5As-5Ni 


Aff 


N 


Au 



CcoacOA~D^-C'{4, fim<^mi imn-^\Jh. Zn-Al 
-Agjg, Zn-Al-Ni*. Zn-AI-Ag-Ni^T'ibO. }'HBI<^« 1 



nbliom^lzt-fi^Mzmif^Zb. tfzin-M?k<r>^m 

{c**§**ibti.t4', i*iffi!i<7)®i 1 *^'^^{c^it-r 

[00 17] it:. mi'pcrtE. F{4, Zn-Al-ln-^^tC 

fc*. i<l<^<OAu, Agt, |Sl«JCI*lffl!I«OJi 1 l<7)ffir-fk$: 

|JS±-r.|.. i(0^^cr)a®<^K4, mzmi^cr>FiZ7fi 
Lfzhu<r>m^i±m< . Zn-M-\n<7)m^iZ^^i:^z.hZ 

tti^^y, Au, A8{cJ:-5^ffi3-b<o:fri£<i;, 

IIT'^T•5. tti. ^gm(r>Tiz{|,'^s.c7)mmtl^»> 

oTtfiV-*. |SI:^{C^14'C0G. H4±Zn-Al-In-Cu-& 
^l+fiOK JtiZn-Al-In-Ag-g-^. ^l+OK, 
L{4Zn-Al-In-Ni-^^, ^m^^OM, Ni4Zn-Al-In-Ag-N 
Ag, AuS:3-hLXffiixttS:|tI±$-ti:/Si><0 

[0018] JiLhco j; 5 =5ri87 V -timx'm^^tim 
3 <omm. 1 0 imms&mizmi^ LxDamr^ ztizx 

A—NCOfHM^OmiZ. Ge, Mg, GaiOd t>— SlSLhSrSnas 

[ 0 0 1 9 1 * 1 L>t1i«^0«4^3t'^0»« 1 0 Srffl 

V^7tS^I51]Sria4{C^-r. Si^-yn 3«ffiOift-:.^ 
14, 3gJC;Aui6-5S 1 5SrS£L/iSi^yn St, Hiib 
1 6, 5gJ=;Au«»-?# 1 7 5:SfiL)tMo^l 8comz± 
I2^«l 0?rtt*&L, t,L<(4*S4'TSD^L 
7t. CiX{CJ:->T±feSi^-yri 3i:Moffil 8A««^$ 
its. Clc^J^, Sif-«yri 3^ffit=Ni46o# 14, M 
{CAuiB^-^t 1 SSrSfiL-^vlBli, Mo:^l Slzmibr, 

1 6, |g{CAua6-7# 1 7S:JfiL7tJl*{4, 

«^flei*i9{4, <J:{ccuS^2 0{ctg^$ix, -eco 

[ 0 0 2 0 ] i^, ^HJS^JT {4, m3<r>^ 3 

i'HS0«7))i<?3«i^& ^«<55 

Si^-y7'3 0^7)11^3 1 «CZn-5Al-lIn-2Ag{4^^t'4^-;^ 
3 2S:tt*&L^|g^T'mU-C««|-f- S. dixSr^i^S 
«3 3cO««i3 4tfirai,*,-<i:tT*Di»Lt»^S-ii: 
i£7)4'^««3 3{4, TU>'hSS, ■fe^S y^'S 
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^ SrJiS tJtAl semi. Au-20Sn-^^ (11^280 
Sn-Ag-Cu^{i^^i3 8, mtii. Sn-SAg-O.SCuSrmvit: 

Zn-Al-ln^(4^fii;<7)S^^S, }iix14=S:i: S:#ii:-n> t , 
Au. Ag, Mib-:>^i:mLtl^mtmTh , ^tz. 
liA,tiib':>^i:mLXLB:^K >IfL^>cOAu. Ag, Pdib-o 
SnmiA.titb'i^ff^TmzttXlim^ Ni-W, Cu^ 
^ffll^l.. tt:. ±mmM3 1. 34{i, CuiSIS. AI12 

[00211 ZcrimtmX'li, {4^Jt^-K-;^3 2{2Zn-5 
AI-lIn-2AgSrffll'>;t**, Zn-AI-In-Cu^. Zn-Al-ln-Ni 
Zn-Al-In-Ni-AglfTt>S^^. Sif--yr3 0fc 

'Pmsm3mcr>fmizmmmt:mx-tin£, ffi^xh 

iti>:ib-¥X'^h. iixmJ'hT't. Ai 3 6 
. mi:9\-LX . mflSX' LXmmi:y(r^<-LXi>J: 

(*Sfi<?3J^.®4) ^lo^^ti:. mm.<r>mk<r>:^X'X'^j: 

<. iiA.tzn(-)\^cr,m^bLxm^^^z ti>x-^ h . -r 

0 1 J'HI!l<?5«S:«ffi« 5 1 i: LXiiA.tz7)(-fU5 2 
fd^^-;l'3 2tLxm^^hZti)^X'^?>, ttz, fiifSS: 

ifB*K f^«-r#itf . yy-yi':^m'»tmm'o^-±x. i± 

Mzz (7)mmt:mm L/i<^(±, ii3ttim^[^±-rhz b iz 
J: •? . ^4^!t'f^ «t3&«?^{=:^r s i . * ;t . mm^k<rni 

[HI] 



[an 
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[0022] 
[Hffic0S«:5rtJiHHl 

[HI ] ^wn\zmh^\iA.tzm^im^-^x . 42 

^wmzmiih\,i.A,tdmAim^^x , z^jh 
[ II 3 ] ^%m\zmh p b 7 u -«ipKos«cofli« 
mA^^wmz^t>h\tA,tmmim\>^x. si^ -j-r 
tzmi^-tmx'hh, 

ms^ :^^nizmhhMA,fzMm^m\^x . si^ vr 
b m^ui 2 mm.<r>my v -^4^>t'^ fflv mm Uz 
m?:^-tmx'h?>. 

[116] *l6BfljcBg;bS. «^7t'««<0^4^/:f;i<-;^O 

mf&tr^-rmx'h^. 

[ la 7 ] 1 nssSDjc i & m^(7)^i\:i^-tmx'hh . 

l•••{4^)t^ 2-Sif--yr. 3-42 , 4- 

. 5-eafl& . 6-9m . 7-42 

1 l-rtffflOJl. 1 2--J'HiI<0Ji. 13-Sif--y 
14 -Nii^)-5# , 15 -Au«>-o#. 1 6 "Nitf)-5 
1 7-Au!i6-og;, 18-Mo«, 1 9- -S^liiti*:. 
2 0-CuS^, 2 1-- , 3 0 - Sif- yr, 3 

l-Sif--y7^. 3 2•••Zn-5Al-lIn-2Ag{4^}t'rf^- 
/U. 3 3"-4'^»S. 3 4"-4'^S:K«fiE. 3 5 -^m 
^iiSftc, 3 6-r;l'5^-vyT. 3 7•••Au-20Sn(±^ 
3 8- "Sn-SAg-O.SCu, 3 9- -|al»S«. 5 0 "n 

r, 5 1-affle, 5 2•■•{4^3t^i^-;^. 



[112] 




[03] 
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[114] 



1 1 



1 2 



> 1 0 



[05] 

[195] 
3 6 



3 5 



U 3 3 



3 0 



3 9 



As 



3 1 
3 2 



3 8 



-3 4 
1 



[B4] 



[l 8 — r _^1G >21 



2 0 



[06] 



[06] 



5 0 




? 5 2 



6 1 



[07] 
[697] 



100 

80 
2 60 

m « 

20 
0 



»Zn-4AHxIn 
Uzn-20A}-xln 



2 4 6 

Infi(mass%) 
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H 0 1 L 21/60 

H 0 5 K 3/34 



3 11 
5 1 2 



F I 

H 0 1 L 21/60 

H 0 5 K 3/34 

HOIL 21/92 



(##) 



3 1 1 S 
5 1 2C 
603B 



W^JiimfiliSrtfF«E^BBffr292#ffl Cfe 
»^il|S«l^rfiF«IKSBaffr292#ffi 1* 



?*^il|S«iSrfiF«E^BaiBI292Sift » 
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F9—M^^) 5E319 AA03 AB05 BBOl BB04 BB05 
BBIO GGU GG20 
5F044 KK08 LLOl QQ03 
5F047 BA05 BA14 BA15 BA17 BA19 



